This study assesses heavy metals' levels in water, soil, and vegetables (Ipomoea batatas (Matembele), Amaranthus hybridus (Mchicha), Abelmoschus esculentus (Bamia), and Solanum melongena (Bilinganya)) from the Chang' ombe police garden located in Temeke district, Tanzania. Also, it examines potential health risks from consumption of the vegetables. The samples of soils, water, and vegetables were randomly collected, processed, and analyzed for heavy metals using Atomic Absorption Spectrophotometry. The heavy metals' levels in soil, water, and vegetables were in the order of Fe > Zn > Pb > Cu. Among the vegetables, I. batatas had highest heavy metal content followed by A. hybridus, S. melongena, and A. esculentus. The average daily intake for Pb (63 mg/person/day) was above the permissible maximum tolerable daily intake of 0.21 mg/person/day endorsed by WHO/FAO. Hazard quotient of Pb for I. batatas (7.12) and A. hybridus (2.46) as well as the hazard indices of I. batatas (7.99) and A. hybridus (2.88) exceeded unity, signifying presence of health risks from consumption of the vegetables. This study recommends regular monitoring of heavy metals in soils, water, and foodstuffs to prevent excessive accrual in food chain.
Introduction
Heavy metals pollution is a menace to our environment as they are foremost contaminating agents of our food supply, especially vegetables [1] . Vegetables get contaminated by absorbing heavy metals from polluted air, soil, and water [2, 3] . Heavy metals pollution in soil and water has a lot of adverse effects and thus is of great concern to the public health, agricultural production, and environmental health [4] [5] [6] [7] . The soil pollution is mainly due to disposal of industrial and urban wastes as well as usage of agrochemicals [8] [9] [10] , while water pollution is primarily caused by industrial wastes, sewage disposal, petroleum contamination, and agricultural drainage water [11] [12] [13] . Many growing areas in the developing countries are vulnerable to air pollution due to the fact that heavy metals containing aerosols are normally deposited on soil surface and get absorbed by vegetables or sometimes get deposited on plant leaves [14] . The uptake of heavy metals by the plants from the soil depends on different factors, including application of agrochemicals, solubility of heavy metals, soil pH, soil type, and plant species [15, 16] . Leafy vegetables accrue higher amounts of heavy metals in roots and leaves than stems and fruits [17] [18] [19] . The heavy metals at exceedingly higher concentrations than the required physiological demand of vegetables can cause lethal effect in them as well as human health through food chain [4, 20] .
Vegetables constitute the most important daily diets in many of the households globally [21, 22] . However, the consumption of leafy vegetables is reported to increase in the urban community [23, 24] ; various researches revealed heavy metals like Cu, Zn, Fe, Pb, Cd, Mn, Hg, and Cr to be significant contaminants of vegetables in urban agriculture [1, 2, 18, 24] . Heavy metals like Cu, Zn, and Fe play a significant role in plant physiology but heavy metals such as Pb, Cd, Cr, and Hg are exceptionally toxic and dangerous environmental pollutants [8, 10] . A number of studies have shown that some common vegetables including Amaranthus species are proficient of accruing high heavy metals levels from contaminated irrigating water or growing soil [25, 26] . The consumption of vegetables is the main route of heavy metal toxicity to humans [27] . The ingestion of heavy metal contaminated vegetables may lead to various long-term lingering diseases; for instance, continuous exposure of Cd can cause pulmonary effects like emphysema, bronchiolitis, and alveolitis [28] , while short-term exposure of Cd can cause renal effects [29] . The chronic buildup of heavy metals in the liver and kidney of humans results in disruption of many biochemical processes, which leads to nervous, kidney, cardiovascular, and bone diseases [30] , while high Zn content may cause growth and reproduction impairment [31] . Lead toxicity causes dysfunction of kidney, reproductive and cardiovascular systems, joints problems, lessening in haemoglobin formation, and enduring impairment to the central and peripheral nervous systems [32] . The Chang' ombe police garden is found in Chang' ombe ward in Temeke district, Dar es Salaam region, Tanzania. The garden is located along the heavy traffic road of Mandela, where the environment is severely polluted with heavy metal from car exhaust. Increased urbanization and industrialization have caused amplified traffic activities in and around the ward, which consequently contributed to considerable accumulations of heavy metals in roadside environments. Hence, atmospheric deposition of toxic metals on vegetable surfaces can occur during vegetable production, transport, and marketing. Also, the heavy metals in the Chang' ombe police garden may also get contaminated through irrigating waters as the water or while farmers wash them with polluted water before taking them to the markets. Therefore, the present study assesses heavy metals' levels (Cu, Zn, Fe, and Pb) in growing soil, irrigating water, and four popularly consumed vegetables, Amaranthus hybridus, Ipomoea batatas, Solanum melongena, and Abelmoschus esculentus, from the Chang' ombe police garden. It also calculates the soil-plant transfer coefficients of heavy metals for each vegetable, heavy metal average daily intake rate, hazard quotient (HQ), and hazard index (HI). The last two indices help in assessing potential human health risk that can occur due to consumption of the vegetables. The study hypothesizes that heavy metals' levels are above established standards by WHO/FAO in all the studied compartments.
Experimental

Study Site and Sample Collection.
Chang' ombe police garden is located in Chang' ombe ward in Temeke municipality in Dar es Salaam (Figure 1 ). The area is experiencing tropical climatic conditions due to its proximity to equator and Indian Ocean. The annual rainfall is approximately 1,100 mm, while the average annual temperature is approximately 25.9 ∘ C. Urban agriculture in the municipality is well done in open spaces, mainly those situated along roads, between settlements, along railway lines, near industries, and along rivers [26] . The Chang' ombe police garden is an open space located along the heavy traffic junction of Mandela road and Chang' ombe road. The ward is one of the high income areas in the municipality as it owns many industries. Mandela road is mainly used to transport goods from Dar es Salaam port to up-country and outside the country.
Samples of soil, irrigating water, and edible portion of the four popularly consumed vegetables, namely, I. batatas, A. hybridus, S. melongena, and A. esculentus were collected from the Chang' ombe police garden. All samples were randomly collected from the garden. The details of vegetable samples collected from the study site are shown in Table 1 . Soil samples were collected up 15 cm depth around the garden. The collected soil and vegetable samples were put into clean polythene bags and labelled, while water samples were put in previously rinsed and dried bottles; thereafter, all the samples were brought to the Chemistry Laboratory of Dar es Salaam University College of Education (DUCE) for preparation and subsequently to the Chemistry Department of the University of Dar es Salaam (UDSM) for spectrophotometry analysis.
Sample Preparation and Analysis
Vegetables.
The collected vegetable samples were washed using tap water and then with distilled water to eliminate dusts, pesticides, fertilizers, mud, and any airborne pollutant that may be present. The samples were dried at room temperature to remove moisture; afterwards, they were sliced using stainless steel knife, weighed, and oven-dried at 80 ∘ C for 72 hours to a constant weight. The oven-dried samples were then powdered and sieved through a mesh of 2 mm size. Thereafter, the samples were put in crucibles and kept in desiccators before placing them in a muffle furnace and ashed for 12 hours at 450 ∘ C. The ashed sampled were then digested following the analytical procedures reported in Sahu and Kacholi's work [26] .
Soil.
The soil samples collected from the garden were thoroughly mixed to form a composite sample; then, the samples were oven-dried at 105 ∘ C for six hours until constant weight was attained. The oven-dried samples were then crushed and sieved through 2.0 mm wire mesh. Afterwards, thorough digestion of the representative samples was done. For each sample, 1 g was digested in 10 mL of 1 : 1 HNO 3 and heated to 95 ∘ C to dry and thereafter refluxed for 10 minutes without boiling. After cooling, 5 mL of concentrated HNO 3 was once again added and refluxed for 30 minutes till brown fumes were produced. The process of adding 5 mL of concentrated HNO 3 was repeated over and over till white fumes appeared. The solution was vaporized to about 5 on mantle set at 95 ∘ C with a watch glass over it. After cooling the resulting sample, 2 mL of H 2 O and 3 mL of 30% H 2 O 2 were added and the solution was placed on the heating mantle to start the oxidation of peroxide until effervescence subsided. The vessel was cooled and the acid-peroxide digestate heated to about 5 mL at 95 ∘ C. Later, addition of 10 mL concentrated HCl to the sample digest was done and the solution was placed on the heating source and refluxed for 15 minutes at 95 ∘ C. Finally, the digestate was filtered and the filtrate collected for analysis of heavy metals in the Atomic Absorption Spectrophotometer (AAS, Perkin Elmer 2380). The AAS was fitted with specific lamp of a particular heavy metal, while the other conditions were the same as explained by Welz and Sperling [33] .
Water.
The determination of heavy metals was done by adding 2 mL of concentrated HNO 3 and 5 mL of concentrated HCl to a 100 mL aliquot of collected water sample. The solution was covered with a watch glass and heated at 95 ∘ C till volume reduced to 15 mL before being allowed to cool. Thereafter, the final volume was adjusted to 100 mL with reagent water and replicates were processed on a routine basis to determine precision. The concentrations of Cu, Zn, Fe, and Pb in the filtrate of water were estimated using the AAS.
Quality Assurance Analysis.
Assessment of contamination and reliability of data was done as part of quality control measure. Blank samples were scrutinized after every three samples for the purpose of ensuring that obtained results are within the range. The levels of heavy metals were calculated based on a dry weight and all the examinations were replicated thrice. The standard reference materials (SRM) for every metal obtained from the Chemistry Lab (UDSM) were used to check for accuracy and precision of analysis of each metal.
Soil-Plant Transfer Coefficient (%).
The soil-plant transfer coefficient, also known as enrichment factor, enumerates comparative variations in heavy metals' bioavailability to plants. The coefficient depends on both soil and plant properties. The accrual of metals from soil to plant depends on factors like plant species absorption capacity, soil type, and a metal chemical form. The soil-transfer coefficient was calculated as ratio of a heavy metal in a plant (dry weight) to a total heavy metal concentration in the soil as shown in the following equation:
where TC is transfer coefficient (%), plant is heavy metal concentration in vegetable tissue (mg/100 g), and soil is metal concentration in soil (mg/100 g dry soil).
Average Daily Intake (ADI).
The ADI of a heavy metal was calculated as a product of average vegetable daily consumption per person, percentage of dry weight of vegetables, and average heavy metal concentration per dry weight vegetable as shown in the following equation:
where ADI is average daily intake of heavy metal per person per day (mg/person/day), Av consumption is average daily consumption of vegetable per person per day (g/day), % DW vegetable is percentage of dry weight of vegetable (% DW = [(100 − % moisture)/100]), and heavy metal is average heavy metal concentration of dry weight vegetable (mg/g). The average daily consumption of vegetables suggested by WHO guidelines in human diet is 300 to 350 g per person [34] . The mean of 325 g/person/day was used in calculating the ADI values in this paper. An average weight of person was considered to be 60 kg [35] .
Hazard Quotient (HQ).
Hazard quotient is a proportion of the probable exposure to an element/chemical and level at which no negative impacts are expected. When the quotient is <1, this means no potential health effects are expected from exposure, but when it is >1, it signifies that there are potential health risks due to exposure [37] . The HQ is calculated as a fraction of determined dose to the reference dose as shown in the following equation:
where ADI is the average vegetables intake per day (mg/kg/day) and 푓 is the oral reference dose of the metal (mg/kg/day). 푓 is an approximation of daily tolerable exposure to which a person is expected to have without any significant risk of harmful effects during a lifespan. 푓 for Pb, Zn, Cu, and Fe is 0.004 mg/kg/day, 0.3 mg/kg/day, 0.04 mg/kg/day, and 0.7 mg/kg/day, respectively [36] .
Hazard Index (HI).
An exposure to more than one pollutant results in additive effects. Thus, hazard index (HI) is a vital index that assesses overall likely impacts that can be posed by exposure to more than one contaminant. When the HI is >1, this suggests that there are significant health effects from consuming pollutants contained in a foodstuff. The HI is calculated as an arithmetic sum of the hazard quotients for each pollutant as shown in the following equation:
where HQ is hazard quotient of a heavy metal, ADI is average daily intake of a heavy metal, hm is concentration of a heavy metal, and 푓 is a reference dose of a heavy metal.
Statistical Analysis.
Data were subjected to statistical analysis using the QED statistics software. The heavy metals' levels among the vegetables were compared using the OneWay Analysis of Variance (ANOVA) and the means were compared using Tukey's post hoc test at 5% significance level.
Results and Discussion
Heavy Metals' Levels in Water and
Soil. The heavy metals' levels in water were highest for Fe followed by Zn, Pb, and Cu. The levels of heavy metals in water samples ranged from 0.99 to 1.26 mg/l, from 0.35 to 1.19 mg/l, from 0.46 to 0.55 mg/l, and from 0.11 to 0.17 mg/l for Fe, Zn, Pb, and Cu, respectively. The concentrations of Pb and Fe were higher than the established standards, while those of Zn and Cu were lower ( Table 2 ). The findings indicate that the irrigating water is polluted chiefly by Pb and Fe. The possible sources of heavy metals like Pb and Cu could be road runoff and atmospheric deposition [38, 39] . This is due to the fact that the used ponds are about 20 m from the Mandela road, which is round the clock a busy road with heavy traffic. The levels of heavy metals in the growing soil were highest for Fe followed by Zn, Pb, and Cu. In the soil samples, the Fe content ranged from 2760.1 to 2833.07 mg/100 g dry soil, Cu ranged from 15.5 to 20.13 mg/100 g, Zn ranged from 305.95 to 308.25 mg/100 g, and Pb ranged from 224.48 to 230.39 mg/100 g. The observed levels in soil samples were higher than the permissible limits in agricultural soils (Table 2) . Thus, these findings suggest that the studied soil sample is severely contaminated by the referred heavy metals. The high observed Fe levels could be attributed to the nature of the parental material of soils in the study site. Also, Fe and Zn could be emanating from phosphate fertilizers, waste water disposal, organic wastes dumping, use of sludge, and burning of the fossil fuels in the area [38] , while Pb and Cu are stemming from nearby traffic activities and use of agrochemicals, respectively [39] . Thus, from the results, it is concluded that the soil of the study area was highly polluted by the four investigated elements.
Heavy Metal Levels in Vegetables.
Heavy metals' levels revealed significant variations in the four studied vegetables ( Table 3 ). The levels ranged from 0.23 to 2.92 mg/100 g for Pb, from 2.44 to 11.11 mg/100 g for Zn, from 0.46 to 1.24 mg/100 g for Cu, and from 4.39 to 16.12 mg/100 g for [26] . This can be associated with the nature of the soil as it was found to have high Fe content ( Table 2 ). The highest levels of Zn than Pb and Cu observed in the vegetables have been also observed in India and Bangladesh [38, 40] . The disparities in the heavy metals' levels may be attributed to differences in absorption capacities of the vegetables and their translocation within the plants [14, 40] . The levels of Pb in all vegetables as well as Zn in I. batatas and S. melongena were greater than the WHO/FAO recommended levels of contaminants in food products [41] . Although Zn is considered to be essential element for numerous bioactivities in the human body, its high level in the vegetables can affect consumer health negatively [30, 31, 42] . The higher levels of heavy metals in the vegetables could also be attributed to the location of the garden, which is situated along the hectic road traffic. Heavy metals like Cu and Zn in the garden could be ascribed to agricultural products that were added to the soil, while Pb is a contaminant that is known to emanate from traffic activities, such as fuel combustion, lubricating oil, tyre and brake wear, road abrasion, and road runoff, which in one way or the other can impact roadside grown vegetables [39] .
Soil-Plant Transfer
Coefficients. Soil-plant transfer coefficient is an imperative component of human exposure to heavy metals through food chain as it describes movement of contaminants from soil to plants [38, 40] . The findings in Table 4 indicate that all the four vegetables had high Cu transfer coefficients followed by Zn, Cu, and Fe. Among the vegetables, I. batatas had highest transfer coefficients for Pb, Cu, and Fe, while S. melongena had higher transfer coefficient for Zn. A. esculentus and S. melongena had lowermost transfer coefficients for Zn and Fe as well as Pb and Cu, respectively. The average soil-plant transfer coefficients for the vegetable 26) . These findings indicate that Cu has higher transferability, while I. batatas is having high absorbing capability followed by A. hybridus. Moreover, the transfer coefficient depends on bioavailability of a metal itself, levels of metal in soil, chemical form of a metal, plant uptake capabilities, and plant species growth rate [15] . From the findings, the soil-plant transfer coefficients are directly related to the observed levels of heavy metals. The highest coefficient value for Cu and Zn might be due to higher mobility of these heavy metals with a natural occurrence in soil [43] and the lower retention of them in the soil than other cations [44] . The higher concentrations of these heavy metals could be due to increased contamination through waste water irrigation, solid waste disposal and sludge applications, solid waste combustion, agrochemicals and vehicular exhausted [27] .
Average Daily Intake (ADI) of Heavy Metals through Vegetables.
Estimating heavy metal exposure level is indispensable in determining organism health risk [3] . Various routes of exposure to humans do exist, yet the most significant is the food chain. The ADI of heavy metals (Table 5) shows that Pb is consumed above the permitted maximum tolerable daily intake (PMTDI) endorsed by WHO/FAO of 0.21 mg/person per day, whereas the rest were below permissible limits. The ADI for Pb was estimated to be 0.63 mg/person/day, which represents 7.4% of the total intake of the heavy metals. The order of contribution for the Pb intake is as follows: I. batatas > A. hybridus > A. esculentus > S. melongena. The last two did not differ appreciably in their Pb content and contributions. The high observed Pb content in vegetables threatens human health. The high level of Pb is attributed to the roadside location of the garden and the transitory heavy traffic. The Pb toxicity affects many organs in humans, such as liver, kidney, lungs, and spleen, causing severe biochemical defects. High average daily intake of Pb has been also reported in Dar es Salaam, Tanzania [23] .
Zinc is an important metal in human body as it plays a vital role in normal growth and development. Higher intake of Zn can result in suppression of Cu and Fe absorption, gastrointestinal irritation, and interference of physiological processes [26] . Deficiency of Zn results from insufficient dietary intake, reduced absorption, excessive excretion, or inherited defects in zinc metabolism [42] . The estimated daily intake of Zn is 3.16 mg/person/day, which represents 36.8% of the total intake of the heavy metals. The order of contribution for Zn intake is as follows:
Copper is a vital element in the human body as it is responsible for upholding central nervous system health, proper working of the metabolic processes, pigmentation, and prevention of anaemia [43] . Continuing low Cu levels have damaging effects to humans due to the nature of the role copper plays [10] . People suffering from Wilson's disease are at great risk for health effects when overexposed to copper [30] . When Cu exceeds safe limits in the human body, it possesses health hazards like hypertension, sporadic fever, coma, anaemia, and liver and kidney damage as well as stomach and intestine irritation [37] . The average daily intake of Cu is estimated to be 0.88 mg/person/day, which represents 4.6% of the total intake of the heavy metals. The order of contribution for the Cu intake is I. batatas > A. hybridus > A. esculentus > S. melongena.
The Fe average daily intake was estimated to be 4.39 mg/ person/day, which represents 51.2% of the total intake of the heavy metals. The order of contribution for the Fe intake is I. batatas > A. hybridus > A. esculentus > S. melongena. Actually, the observed levels were below the PMTDI recommended by WHO. Excessive Fe in human body can result in siderosis in liver, pancreas thyroid, pituitary, adrenal glands, and heart depending on the chemical form. It is also reported that doses with Fe content larger than 20 mg/person/day may cause stomach upset, constipation, and blackened stools [36] .
Hazard Quotient.
The findings show that hazard quotient (HQ) values of all heavy metals were <1 in all the vegetables except for Pb in I. batatas and A. hybridus (Figure 2 ). When HQ exceeds one, this means there are potential health effects from exposure [45] . The high HQ for Pb observed in I. batatas (7.12) and A. hybridus (2.46) has significant carcinogenic health jeopardies to consumers, while for the rest of the vegetables, consumers are nearly free of the risks. High HQ for Pb was also reported in China and India [46, 47] . Although there was no apparent health risk to local population due to consumption of individual metal present in the vegetables (except for Pb in I. batatas and A. hybridus), the potential risk could be multiplied when considering all the heavy metals together [22, 48] . Hence, estimation of hazard index (HI), which takes care of the chemical mixtures, is very important in assessing multiple effects of the heavy metals. Figure 3 show that the highest HI was found in I. batatas (7.99) followed by A. hybridus (2.88) > A. esculentus (0.76) > S. melongena (0.66). When the HI surpasses unity, this tells us that eating of the food can cause health effects [49] [50] [51] . For our case, consumption of I. batatas and A. hybridus by the locals is posing high risks to their health as their HI was greater than one. In all the studied vegetables, the total HI is dominated by Pb contribution, that is, 89% in the I. batatas, 86% in A. hybridus, 72% in A. esculentus, and 59% in S. melongena.
Hazard Index (HI). The results in
Conclusion and Recommendations
In summary, the results revealed that Pb and Fe contents in irrigating water were higher than the agricultural water standards. In soil, all the heavy metals' levels were above the set standards for agricultural soils, while in vegetables, the mean concentrations of Zn and Pb were higher than the set standards. The findings on the average daily intake (ADI), hazard quotient (HQ), and hazard index (HI) revealed that consumption of I. batatas and A. hybridus could pose carcinogenic risks to human health due to high level of lead (Pb), while consumption of A. esculentus and S. melongena is reasonably safe. I. batatas revealed highest transfer coefficients for Pb, Cu, and Fe, while S. melongena had higher transfer coefficient for Zn. A. esculentus and S. melongena had least transfer coefficients for Zn and Fe as well as Pb and Cu, respectively. No matter how low levels of heavy metals are present in vegetables, their presence is not desirable. Therefore, this study suggests the regular scrutiny of the heavy metals present in soil, irrigating water, and foodstuff to avoid extreme accrual in the food chain and thus elude human health risks. Consequently, this study encourages environmentalists, administrators, and public health workers to create public awareness to avoid the consumption of vegetables grown in contaminated soils, hence reducing health risks.
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